, PROCESS FOR THE PRODUCTION OF ORGANIC TRANSISTOR AND ORGANIC 

TRANSISTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a process for the 
production of an organic transistor and an organic transistor. 

2. Description of the Related Art 

In the production of an organic transistor, a vacuum 
evaporation process or a wet process such as spin coating method 
and casting method has heretofore been practiced to form an 
organic semiconductor layer directly on a gate insulating layer 
(for example, JP-A-2001-94107 ) . 

As an example of an organic semiconductor element, a 
structure of an organic MIS-based TFT (thin film transistor) 
will be described below. 

An organic MIS-based TFT comprises a gate electrode, a 
gate insulating layer, a source electrode, a drain electrode 
and an organic semiconductor layer provided on a substrate. 
Referring to a material of various layers constituting the 
organic MIS-based TFT, the gate electrode is made of nickel, 
chromium, ITO or the like. The gate insulating layer is made 
of a silicon compound such as Si0 2 and SiN or metal oxide or 
nitride. The organic semiconductor layer is made of pentacene 



1 
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or the like . The source and drain electrode aremade of palladium, 
gold or the like. 

Referring to process for formation of the gate insulating 
layer, if an inorganic material is used, RF (DC) sputtering 
method, CVD method or the like is often used. Alternatively, 
in order to form an insulating layer having a good quality 
uniformly on the gate electrode, anodization may be effected 
with a metal capable of forming an oxide having a high dielectric 
constant such as Al and Ta as a gate electrode. 

In production of an organic transistor comprising a gate 
insulating layer made of silicon oxide and an organic 
semiconductor made of pentacene, for example, a thin pentacene 
layer is formed directly on the gate insulating layer by a vacuum 
deposition method. 

In order to produce an organic transistor having a high 
mobility and a good quality, it is essential to consider a 
adhesion between an interface of a gate insulating layer and 
an organic semiconductor layer during the formation of the 
organic semiconductor layer on the gate insulating layer. In 
general, however, a metal oxide layer such as Si0 2 has a high 
surface energy. In general, an organic semiconductor, which 
is hydrophobic, wets little such a metal oxide layer. Thus, 
in an attempt to enhance the wettability of the gate insulating 
layer by the organic semiconductor, it has been practiced to 
modify the surface energy of the gate insulating layer with 



2 



a surface treatment such as octadecyl trichlorosilane (OTS) 
and hexamethyldisilazalane (HMDS) . 



SUMMARY OF THE INVENTION 

However, the related art process for the production of 
an organic transistor is disadvantageous in that since the 
surface of Si0 2 which is a gate insulating layer has little 
hydroxyl groups necessary for surface treatment distributed 
thereon and these hydroxyl groups, if any, are not uniformly 
distributed, the surface treatment is not uniformly effected, 
causing the scattering of surface energy and hence making it 
impossible to stably form an organic semiconductor layer having 
a high mobility. 

The problems that the invention is to solve include the 
aforementioned problems with the related art process for the 
production of an organic transistor. 

In order to solve the aforementioned problems, a process 
for production of an organic transistor comprises forming a 
surface-treated layer on a gate insulating layer and forming 
an organic semiconductor layer on the surface-treated layer, 
wherein the gate insulating layer is irradiated with ultraviolet 
rays in an ozone atmosphere before the formation of the 
surface-treated layer. 
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BRIEF DESCRIPTION OF THE DRAWING 
Fig. 1 is a typical sectional view illustrating the 

structure of a top contact type organic MIS-based TFT; 

Fig. 2A to Fig. 2D are a flow chart illustrating a process 

for the production of a top contact type organic MIS-based TFT 

which is an organic transistor according to an embodiment of 

implementation of the invention; and 

Fig. 3 is a typical sectional view illustrating the 

structure of a bottom contact type organic MIS-based TFT. 

DETAILED DESCRITPION OF THE PREFFERD EMBODIMENTS 
Embodiments of implementation of the invention will be 
described hereinafter in connection with the drawings. 

A process for the production of an organic transistor 
according to the invention is characterized in that the surface 
treatment which is a pretreatment for the formation of an organic 
semiconductor layer is preceded by a step of irradiation of 
the gate insulating layer with ultraviolet rays in an ozone 
atmosphere by which organic contaminants are removed from the 
surface of the gate insulating layer and a large number of 
hydroxyl groups reactive with a surface active agent are 
uniformly produced on the surface of the gate insulating layer . 
The present embodiment of implementation of the invention will 
be further described by referring to an organic MIS-based TFT 
as an example of organic semiconductors. 
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Fig. 1 is a typical sectional view illustrating structure 
of a top contact type organic MIS-based TFT produced by a process 
for production of an organic transistor according to an 
embodiment of implementation of the invention. As shown in 
Fig. 1, an organic MIS-based TFT 100 comprises a gate electrode 
12, a gate insulating layer 13, an organic semiconductor layer 
14 and a source and a drain electrode 15 provided on a substrate 
11. 

The substrate 11 may be a glass or plastic substrate. 
The gate insulating layer may be formed by Si0 2 , Ta 2 0 5/ Ti0 2 , 
Nb 2 0 5 or A1 2 0 3 . The gate electrode 12 and the source and drain 
electrode 15 may be formed by tantalum, aluminum, Rh, Ir, Ni, 
Pd, Pt, Au, As, Se, Te, Al, Cu, Ag, Mo, W, Mg, Zn or the like. 
However, the invention is not limited to these materials. 
Alternatively, alloys of these metals may be used. 

The organic semiconductor layer 14 may be formed by a 
conjugated hydrocarbon polymer such as polyacetylene, 
polydiacetylene, polyacene and polyphenylene vinylene, a 
derivative containing an oligomer of these conjugated 
hydrocarbon polymers, a conjugated heterocyclic polymer such 
as polyaniline, polythiophene, polypyrrole, polyfurane, 
polypyridine and polychenylene vinylene, a derivative 
containing an oligomer of these conjugated heterocyclic 
polymers or the like. 

In other words, the organic semiconductor layer may be 
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formed by a condensed aromatic hydrocarbon such as tetracene, 
chrysene, pentacene, pyrene, perylene and coronene, derivative 
thereof or metal complex of porphyrin and phthalocyanine 
compound such as copper phthalocyanine and ruthenium 
bisphthalocyanine . 

An example of a process for production of an organic 
transistor according to an embodiment of implementation of the 
invention will be described in connection with a flow sheet. 

Fig. 2A to Fig. 2D are a flow chart illustrating a process 
for production of a top contact type organic MIS-based TFT 
according to the present embodiment of implementation of the 
invention . 

Firstly, substrate 11 as a silicon wafer which has a gate 
electrode 12 formed thereon by a known method is subjected to 
thermal oxidation to form an Si0 2 gate insulating layer 13 thereon 
(Fig. 2A) . 

Subsequently, the gate insulating layer 13 is irradiated 
with ultraviolet rays in an ozone atmosphere (UV irradiation 
step) . 

Thereafter, the substrate is allowed to dip in a stock 
solution of hexamethyldisilazalane (HMDS), dip in toluene under 
application of ultrasonic wave so that unreactedHMDS is removed, 
and then dried (HMDS treatment) . At this point, a 
surface-treated layer 16 is formed on the gate insulating layer 
(Fig. 2B) . 
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Subsequently, pentacene is vacuum-deposited on the dried 
substrate to form an organic semiconductor layer 14 (Fig. 2C) . 
Subsequently, the substrate is vacuum-coated with gold to form 
a source and drain electrode 15. Thus, a top contact type organic 
transistor 100 is completed (Fig. 2D) . 

The substrate temperature at which the organic 
semiconductor layer 14 is formed as shown in Fig. 2C will be 
described hereinafter. It is generally known that as the 
substrate temperature during vacuum deposition rises, the state 
of the organic semiconductor layer changes f rombulk to lamellar, 
causing rise of mobility of the organic transistor. Thus, the 
mobility of the organic transistor can be enhanced by properly 
controlling the substrate temperature. But, on the contrary, 
as temperature is raised too high, defect increases in the layer, 
so that vapor-deposition have to be conducted in an appropriate 
range of the substrate temperature. 

The surface-treated layer 16 formed after the 
aforementioned UV irradiation step may be formed by a mono- 
or trichlorosilane compound or mono- or trialkoxysilane 
compound having a functional group containing at least 8 or 
more carbon atoms represented by the following chemical formula 
instead of hexamethyldisilazalane (HMDS) . 



/ R 2 /Xl 
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wherein Ri or R each independently represents a functional group 
having 8 or more carbon atoms containing hydrogen, oxygen, 
nitrogen, sulfur or halogen; X represents a chlorine atom, 
methoxy group or ethoxy group; Xi, X 2 and X 3 each independently 
represent a chlorine atom, methoxy group or ethoxy group; and 
R 2 and R 3 each independently represents an alkyl group having 
at least one carbon atoms. 

Examples of the monochlorosilane compound include 
dimethyloctylchlorosilane, dimethyl-2- (4- 

cyclohexenylethyl) chlorosilane, dimethyl -0-phenethyl 

trichlorosilane, dimethylchloromethylphenylethyl 
chlorosilane, dimethylnonyl chlorosilane, dimethyl 

heptadecaf luorodecylchlorosilane, dime thy ldecylchloro 

si lane, dimethyldodecyl chlorosilane, dimethyl tetradecyl 
chlorosilane, dimethyloctadecyl chlorosilane, dimethyl 
eicosilchlorosilane, and dimethyldocosilchlorosilane . 

Examples of the trichlorosilane compound include 
octyltrichlorosilane, 2- ( 4-cyclohexenylethyl ) 

trichlorosilane, 0-phenetyl trichlorosilane, chloromethyl 
phenylethyl trichlorosilane, nonyl trichlorosilane , 

heptadecaf luorodecyl trichlorosilane, decyl trichlorosilane, 
dodecyl trichlorosilane, tetradecyltrichlorosilane, 
octadecyl trichlorosilane, eicosil trichlorosilane, and 
docosiltrichlrosilane . 

Examples of the monomethoxysilane compound include 
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dimethyloctylmethoxysilane, dimethyl-2- (4- 

cyclohexenylethyl) methoxysilane, dimethyl-p-phenethyl 
methoxysilane, dimethyl chloromethylphenylethylmethoxy 

si lane, dimethylnonylmethoxysilane, 
dime thylheptadecaf luorodecylmethoxysi lane, dimethyldecyl 
methoxysilane, dime thyldodecylmethoxysi lane, dimethyl 
tetradecylmethoxysilane, dimethyloctadecylmethoxysilane, 
dimethyl eicosilmethoxysi lane, and dimethyldocosilmethoxy 
silane . 

Examples of the trimethoxysilane compound include 
octyltrimethoxysilane, 2- ( 4-cyclohexenylethyl ) trimethoxy 
silane, p-phenethyl trimethoxysilane, chloromethylphenyl 
ethyl trimethoxysilane, nonyl trimethoxysilane, 

heptadecaf luorodecyl trimethoxysilane , decyl trimethoxy 

silane, dodecyltrimethoxysilane, tetradecyltrimethoxy silane, 
octadecyl trimethoxysilane, eicosil trimethoxy silane, and 
docosiltrimethoxysilane . 

Examples of the monoethoxysilane compound include 
dimethyloctylethoxysilane, dimethyl-2- ( 4-cyclohexenyl 

ethyl) ethoxysilane, dimethyl-(3-phenethylethoxysilane, 
dimethyl chloromethylphenylethylethoxy silane, dimethyl 
nonylethoxysilane, dime thylheptadecaf luorodecylethoxy 

silane, dimethyldecylethoxysilane, dimethyldodecylethoxy 
silane, dimethyltetradecylethpxysilane, dimethyloctadecyl 
ethoxysilane, dimethyleicosilethoxysilane, and dimethyl 
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docosilethoxysilane . 

Examples of the triethoxysilane compound include 
octyltriethoxysilane, 2- (4-cyclohexenylethyl) triethoxy 

si lane, p-phenethyl triethoxysilane, chloromethylphenyl 
ethyl triethoxysilane, nonyl triethoxysilane, 

heptadecaf luorodecyl triethoxysilane , decyl triethoxysilane, 
dodecyl triethoxysilane, tetradecyl triethoxysilane, 

octadecyl triethoxy si lane, eicosil triethoxysilane, and 
docosilgtriethoxysilane . 

Examples of actual production of organic transistors by 
the production process according to the present embodiment of 
implementation of the invention will be described hereinafter 
to make comparison with comparative examples involving no UV 
irradiation. 

(Examples 1-5) 

At the step shown in Fig. 2A, a silicon wafer substrate 
11 which had a gate electrode 12 formed thereon by a known method 
was subjected to thermal oxidation to form a gate insulating 
layer 13 thereon to a thickness of 1,100 angstrom. 

At the step shown in Fig. 2B, the aforementioned substrate 
was irradiated with ultraviolet rays for 20 minutes in an ozone 
atmosphere . 

Thereafter, the substrate was allowed to stand dipped 
in a stock solution of hexamethyldisilazalane (HMDS), dipped 
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in toluene under the application of ultrasonic wave for 10 
minutes so that unreacted HMDS was removed, and then dried (HMDS 
treatment) . 

HMDS treatment was conducted in all the examples except 
Example 5. 

Subsequently, at the step shown in Fig. 2C, the substrate 
thus dried was vacuum-coated with pentacene at a pressure of 
2 x 1CT 6 torr and a deposition rate of from 0.4 to 0.6 angstrom/s 
to a thickness of 500 angstrom to form an organic semiconductor 
layer 14 thereon. 

The substrate temperature was as follows: 

Example 1: 2 0°C 

Example 2: 4 0°C 

Example 3: 70°C 

Example 4: 120°C 

Example 5: 20°C 

Subsequently, at the step shown in Fig. 2D, the substrate 
was vacuum-coated with gold at a pressure of 2 x 10~ 6 torr and 
a deposition rate of from 1.0 to 1.5 angstrom/s to a thickness 
of 1 , 000 angstrom to form a source electrode and a drain electrode 
15. Thus, a top contact type organic transistor 100 having 

a channel length of 100 nm and a channel width of 5.0 mm was 
completed. 

(Comparative Example) 
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At the step shown in Fig. 2B, the production procedure 
of Examples 1 to 4 was followed except that no UV irradiation 
step was conducted. The substrate temperature at the step shown 
in Fig. 2C was 40°C. 

Mobility of the organic semiconductor layers produced 
in Examples 1 to 4 and Comparative Example were measured. The 
measurements are set forth in Table 1 below. 



Table 1 



Example No. 


Substrate 
temperature 


Mobility 


UV irradiation 
conducted ? 


HMDS 
treatment 
conducted ? 


Example 1 


20°C 


0.47 
cm 2 /Vs 


Yes 


Yes 


Example 2 


40°C 


0.52 
cm 2 /Vs 


Yes 


Yes 


Example 3 


70°C 


0.79 
cm 2 A/s 


Yes 


Yes 


Example 4 


120°C 


0.32 
cm 2 A/s 


Yes 


Yes 


Example 5 


20°C 


0.12 
cm 2 /Vs 


Yes 


No 


Comparative 
Example 


40°C 


0.21 
cm 2 A/s 


No 


Yes 



For determination of the mobility of the organic 
semiconductor layer, drain current wasmeasured at a gate voltage 
of 30 V. The mobility of the organic semiconductor layer was 
then calculated in the drain current saturation range using 
the following equation: 

Id = (vCWIlL) x (Vg - Vthf 
where Id is the drain current, \i is the hole mobility, C is 
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the capacitance of the insulating layer, L is the channel length, 
Vg is the gate voltage, and Vth is the threshold voltage. 

As can be seen in the measurements shown in Table 1, it 
is preferred that the substrate temperature is adjusted to a 

range of from 40°C to 70°C to produce an organic transistor having 
a mobility of 0.5 cm 2 /Vs or more. 

As a modification of the present embodiment of 
implementation of the invention, there may be exemplified a 
bottom contact type organic MIS-based TFT 200, which is another 
example of an organic transistor. Fig. 3 illustrates a typical 
sectional view of the bottom contact type organic MIS-based 
TFT 200. 

For the production of the aforementioned modification, 
the order of formation of the organic semiconductor layer 14 
and the source and drain electrode 15 may be inverted. The 
other steps may be the same as in the aforementioned examples. 

The formation of the organic semiconductor layer in the 
aforementioned examples can be accomplished by a vacuum 
evaporation method involving resistance heating, a 
co-evaporationmethod using a plurality of evaporation sources, 
a sputtering method, a CVD method or the like. 

The organic semiconductor layer may be a doped thin film 
or a multi-layered thin film made of a plurality of organic 
semiconductor materials instead of thin film made of a single 
material . 
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As mentioned above, the process for the production of 
an organic transistor according to the present embodiment of 
implementation of the invention comprises a step of forming 
a surface-treated layer on a gate insulating layer and a step 
of forming an organic semiconductor layer on the surface-treated 
layer, wherein a step of irradiating the gate insulating layer 
withultraviolet rays in an ozone atmosphere before the formation 
of the surface-treated layer is involved. 

The aforementioned UV irradiation step is preferably 
conducted in an ozone concentration of from 10 to 1,000 ppm 
at an illumination intensity of at least 0.01 mW/cm 2 or more, 
preferably 0.05 mW/cm 2 or more, for an illumination time of 
10 minutes or more. 

Further, the formation of the surf ace- treated layer is 
preferably followed by the vacuum deposition of an organic 
semiconductor layer at a substrate temperature of from 40°C 
to 70°C. The mobility of the organic semiconductor layer is 
preferably 0.5 cm 2 /Vs or more. 

Thus, in accordance with the process for the production 
of an organic transistor according to the present embodiment 
of implementation of the invention, a step of irradiating the 
gate insulating layer with ultraviolet rays in an ozone 
atmosphere before the formation of the surface-treated layer 
16 is involved to produce a large number of hydroxyl groups 
necessary for surface treatment uniformly on the surface of 
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the gate insulating layer, making it possible to effect 
homogeneous surface treatment and hence form an organic 
semiconductor layer having a high mobility and a good quality. 
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